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MICROMECHANICAL COMPONENT AND MANUFACTURING METHOD 
Field Of The Invention 

The present invention relates to a micromechanical component having a substrate and a 
diaphragm positioned on the substrate, and to a corresponding manufacturing method. 

Background Information 

Even though it may be applied to any number of micromechanical components and structures, 
particularly sensors and actuators, the present invention as well as the problem it is based on 
are explained with reference to a micromechanical dew point sensor which can be 
manufactured within the technology of sihcon surface micromechanics. 

Akeady pubUshed in PCT PubUcation No. 96/05506 is the principle of sensing the dew point 
by cooling a micromechanical sensor element by a Peltier element until moisture condenses on 
the surface. The temperature of the sensor element at which condensation begins is measured 
using a temperature sensor, thereby determining the dew point. 

In particular, PCT PubUcation No. 96/05506 describes a device including a Peltier element, a 
temperature sensor, an interdigital capacitor and a microprocessor for evaluation. The 
beginning of dew formation can be determined by changing the capacitance of the interdigital 
capacitor. 

A further possibility is to determine dew formation by an optical measurement (also see D. 
Heinze, "Semiconductor Technologies for Manufacturing Modem Moisture Sensors",Sensor 
91, Nuremberg 1991, KongreBband (Convention Volume) IV, 112-121). 

The manufacture of a Peltier element using - and p-doped semiconductors connected by a 
metal bridge has long been known (see, for example, M. von Ardenne et al., "Effekte der 
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Physik und ihre Anwendimgen" (The Effects of Physics and their Applications), PubHshing 
House Hairi Deutsch, Frankfurt on Main 1990, page 399). 

U.S. Patent No. 5,714,791 describes a Peltier element by way of - and p-doped semiconductor 
areas on a diaphragm, the diaphragm being thermally insulated by etching a cavity fix)m the 
reverse side of the substrate. 

The method of etching silicon porous ("anodizing") is a part of the related art and is described 
in numerous pubhcations. The method of producing a cavity imder porous siUcon has hkewise 
been pubUshed (G. Lammel, P. Renaud, "Free-standing Mobile 3D Microstructures of Porous 
Silicon", Proceedings of the 13th European Conference on Solid-State Transducers, 
Eurosensors XEI, The Hague, 1999, 535-536). 

With regard to the known dew point sensors, the disadvantageous fact has become apparent 
that their manufacture is difficult and costly. 

Summary Of The Invention 

The micromechanical component according to the present invention and the corresponding 
manufacturing method, respectively, have the advantage that simple and cost-effective 
manufacture of a component is possible, having a thermally decoupled diaphragm area. 

For example, by using porous silicon, a deep cavity having a diaphragm lying above it can be 
manufactured relatively simply. Furthermore, there is the possibility of making a defined 
region on a wafer porous up to a defined thickness, and, as an option, of oxidizing to a higher 
valency in order to create a stable firamework having low thermal conductivity. When 
producing a dew point sensor using this method, the following further advantages are 
available: 

o low power consumption because of good thermal decoupUng 
o integration of a sensor element, e.g. a Peltier element, on the chip 



o possible integration of a circuit on the sensor element 
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o very small size 



o low response time because of the small mass that has to be retempered 

5 The idea at the basis of the present invention is that, underneath the diaphragm, a region of 
porous material supporting the diaphragm and thermally insulating it is provided. 

According to a preferred further development, the porous material is formed from the substrate 
material. This is particularly well possible in the case of a silicon substrate. 

10 

According to a further preferred development, a hollow space is formed underneath the region 
made of porous material. 

As in still another preferred further development, the diaphragm layer is formed by oxidizing 
15 N the substrate surface and the surface of the porous region. Thereby the deposition of an 
Sij additional diaphragm layer can be dispensed with. 

^ According to a further preferred development, the region made of porous material is 
llj completely oxidized. Such an oxidation is easily possible based on the porous structure, and 
20 p raises the thermal insulating capability. 

1=4 

According a further preferred refinement, the component has a dew point sensor in turn 
including a thermocouple for measuring the temperature, provided above the region made of 
porous material; an interdigital capacitor provided above the region made of porous material; a 
25 Peltier element device having one or a plurality of Peltier elements for heating and cooling the 
diaphragm; and a dew point measuring device for measuring the dew point with the aid of the 
capacitance of the interdigital capacitor and the temperature measured by the thermocouple. 

In another fiirther preferred development the component has a heat radiation sensor, which 
30 further includes an absorption device, provided above the region made of porous material, for 
absorbing heat radiation; a Peltier element device having one or a plurality of Peltier elements 
for creating a thermoelectric voltage corresponding to a temperature difference between a 
diaphragm region next to the region made of porous material and a diaphragm region above 
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the region made of porous material; and a temperature measuring device for measuring the 
temperature in the diaphragm region above the region made of porous material. 



In still another preferred development the temperature measuring device measures the 
5 temperature based on the thermoelectric voltage. 

And in yet another further preferred development, a control device is provided for controlling 
the temperature in the diaphragm region above the region made of porous material, using the 
Peltier element device, and the temperature measuring device measures the temperatiu"e based 
10 on the regulated output. 

Brief Description Of The Drawings 
h Figure 1 shows a top view of a dew point sensor according to a first specific embodiment of 
H the present invention. 

15 ^ 

H 

%| Figure 2 shows a first manufacturing step for manufacturing the dew point sensor in Figure 1 . 

fU 

Figure 3 shows a second manufacturing step for manufacturing the dew point sensor in 

llJ Figure 1. 

Figure 4 shows a third manufacturing step for mmiufacturing the dew point sensor in Figure 1 . 

Figure 5 shows a first manufacturing step for manufacturing the dew point sensor according to 
a second specific embodiment of the present invention. 

25 

Figure 6 shows a second manufacturing step for manufacturing the dew point sensor according 
to the second specific embodiment of the present invention. 

Figure 7 shows a top view of a heat radiation sensor according to a third specific embodiment 
30 of the present invention. 
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Detailed Description 

In the figures, the same reference numerals denote the same or functionally the same 
component parts. 

5 Figure 1 shows a top view of a dew point sensor according to a first specific embodiment of 
the present invention. 

In Figure 1, reference numeral 1 denotes a thermocouple, numeral 2 denotes an interdigital 
capacitor, 3 a p-doped printed circuit trace, 4 an n-doped printed circuit trace, 5 a metal wire, 6 
10 a contact surface and contact pads, respectively, 10a semiconductor substrate, 40 a diaphragm 
layer positioned on the surface of the semiconductor substrate, and 300 the borderline of a 
region in which a region made of porous material is provided underneath diaphragm layer 40, 
p and supporting diaphragm layer 40 mechanically and insulating it thermally. In the present 
"rf case the substrate material is silicon and the porous material is anodized (porously etched) 

15 silicon. 

M 
SI 

'J' For the operation of the sensor structure shown in Figure 1, the Peltier element device formed 
fi-om the various Peltier elements 3, 4, 5 connected in series is regulated in such a way that, on 
nj the surface of diaphragm layer 40, within region 300, the transition fixmi the bedewed to the 

m 

20 p non-bedewed condition, or vice versa, can be determined by cooling or heating, since this 

region is thermally insulated firom the environment. During this transition, the capacitance of 
interdigital capacitor 2 on diaphragm layer 40 changes because of the high dielectric constant 
of water (e^ = 81). The corresponding dew point temperature is then measured using 
thermocouple 1. 

25 

Figures 2-4 show manufacturing steps for manufacturing the dew point sensor in Figure 1. 

In Figure 2, in addition to the reference nxmierals already introduced, 15 denotes a mask, such 
as a resist mask, and 100 denotes circuit components of a sensor circuit that is not explained 
30 more closely. Substrate 1 0 shown in Figure 2 is a silicon substrate. Other substrates can, of 
course, also be used, such as a substrate having an epitaxy layer. However, for simplicity's 
sake, in the following, a wafer substrate is assumed. 



NY01 393480 v 1 



5 



According to Figure 3, using the knovm method of porous etching, a structxire is generated in 
which the substrate material is made porous in a certain region 30 and subsequently a hollow 
space 20 is formed underneath porous region 30, that is, a part of porous region 30 is removed, 
which leads to the structure shown in Figure 3. 

5 

In Figure 4, reference numeral 40 denotes the diaphragm layer, 50 an insulating layer, 60 a 
measuring capacitance, 70 a metal printed circuit trace and 80 Peltier printed circuit traces 
corresponding to printed circuit traces 3, 4 in Figure 1. 

10 In order to manufacture the structure shown in Figure 4, after removing mask 15, the porous 
area 30 is closed by depositing diaphragm layer 40, which is made, for example, of nitride, 
oxide or polysilicon. A further possibility of forming diaphragm layer 40 is oxidizing the 

Q substrate surface and the surface of porous area 30. 

Q 

1 5 j-^ In this case, this airtight closing of hollow space 20 does not absolutely have to take place 

SI after producing the hollow space 20, but can be carried out as one of the last process steps. The 

j," latter has the advantage that, during processing, diaphragm layer 40 does not bulge out and 

pi^ thus lead to image defects during a structuring process. The internal pressure ultimately 

ill forming in hollow space 20 depends on the pressure conditions prevailing at the deposition or 

20 p oxidation, respectively. Measuring capacitance 60 with respect to interdigital capacitor 2 in 

M- 

Figure 1 , the metal printed circuit traces 70 and the Peltier printed circuit traces 80 are 
produced on diaphragm layer 40. Further ftmctional layers can be put down and structured 
between diaphragm layer 40 and printed circuit traces 70 and above the printed circuit traces, 
respectively. 

25 

The present specific embodiment has a hollow space 40 having a closed-in vacuum under 
diaphragm layer 40, in order to guarantee good thermal insulation from substrate 10. Thus, 
insulating layer 50 protects the formed structure from environmental influences. 

30 Figures 5-6 represent manufacturing steps for producing the dew point sensor according to a 
second specific embodiment of the present invention. 
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In the case of the second specific embodiment shown with reference to Figures 5 and 6, no 
hollow space is formed under the substrate area 30' made porous, but after removing mask 15 
porous area 30' is closed directly by depositing diaphragm layer 40 or by oxidation, 
respectively. 

5 

Here, oxidation (not shown) has the advantage that the oxide has a lower thermal conductivity 
than silicon, whereby better decoupling from substrate 10 can be guaranteed. Just as with the 
first specific embodiment, the printed circuit traces etc are produced on diaphragm layer 40. 

10 Figure 7 is a top view of a heat radiation sensor according to a third specific embodiment of 
the present invention. 

p In the specific embodiment shown in Figure 7, in the place of thermocouple 1 and interdigital 
capacitor 2, a heat radiation sensor device 2" is provided on the middle diaphragm region, 

1 5 ""-^ which absorbs incident infrared radiation and converts it to heat. Thus a heat radiation sensor 

'Si 

y can be produced in a simple manner. The temperature difference between the middle region of 
„ diaphragm 40 and the surrounding region leads to a thermoelectric voltage at Peltier elements 

3, 4, 5, which now function as thermocouples. Thus, the thermoelectric voltage is a measure of 
W the absorbed infirared radiation. 

m 

20 a 

^ In a further specific embodiment (not shown) it is possible to regulate the middle region of the 
diaphragm in such a way that its temperature remains the same as that of a thermocouple 
provided upon it, while the heat generated by the infrared radiation is dissipated by the Peltier 
element. Thus, the cooling capacity of the Peltier element is a measure of the absorbed 
25 infixed radiation. 

Although the present invention is described based on the aforementioned preferred exemplary 
embodiments, the method is not limited thereto, but can be modified in a plurality of ways. 

30 In the above examples, the dew point sensor and heat radiation sensor, respectively, according 
to the present invention, have been specified in a simple form for the purpose of explaining 
their basic principles. Combinations of the examples and substantially more complicated 
refinements using the same basic principles are, of course, conceivable. 
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It is further possible, after or between the above process steps, to etch selectively the porous 
region 30, 30\ For this purpose, one or a plurality of openings can be produced in diaphragm 
layer 40, through which a selectively acting etching medium, in a fluid or gaseous state, can 
dissolve out the porous region partially or completely. Subsequently the openings can be 
5 closed again, a vacuum being preferably enclosed in hollow space 20 during this, to guarantee 
optimal thermal decoupling of diaphragm 40 from substrate 10. The openings can also 
deliberately not be closed Thereby the middle diaphragm region can be so configured with 
functional elements that it is then connected by only a few links to the substrate outside the 
cavity (e.g. connection by only two links in the form of a bridge). This leads to very good 
10 lateral thermal decoupHng, which is important for the functioning of the Peltier element. 

It is possible to produce the measuring capacitor above the Peltier element, an insulating layer 

Q being inserted between the two layers. 

O 

15 ^1 Furthermore, the Peltier printed circuit traces can be produced from polysiUcon on an 

^4 insulating closing layer. 

h=i It is further possible to produce the Peltier printed circuit traces as p-doped and n-doped 

5 y regions in an epitaxy layer which is used as a closing layer. 

m 

20 O 

It is also possible additionally to produce resistance printed circuit traces on diaphragm region 
40 for rapid heating of the diaphragm. The background for this is faster regulation. 

Again, it is possible to deposit a mirror layer on the middle diaphragm region, in order to 
25 determine the dew deposit optically. 

Any micromechanical basic materials can also be used, not only the silicon substrate cited as 
an example. 
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